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(54) Crown reinforcements 

(57) A pneumatic tire has a crown 
reinforcement consisting of a main 
belt 24 which is formed of two or 
more plies 24a, 6, c with cords at 
less than 30° to the equatorial 
plane E and which has an overall 
width Wa approximately equal to 
the tread with Wt a ply 26 with 
cords at less than 30° to the plane 
E which is located between the tire 
carcass 20 and the main belt 24 
and which has a width Wrof 
40-60% Wa, and a ply 28 with 
cords at more than 45° to the plane. 
E which is superposed on the main 
belt 24 and which has a width Wc 



of 40-90% Wa, the cord fabric of 
the ply 28 as a whole having a 
modulus of elasticity less than that 
of the cord fabric of the ply 26. Th 
modulus of the cords per se of the 
ply 28 may be smaller than that of 
the cords of all the remaining plies 
and/or the -'void ratios" (as 
defined in the specification) of the 
ply 28 as a whole and its cords per 
se may be greater than in the re- 
maining plies. 
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SPECIFICATION 

A pneumatic tire structur 

5 The present invention relates to pneumatic tire 
structures for wheeled vehicles, particularly 
* heavy-duty land vehicles such as buses and 
trucks. 

A conventional radial tire structure has a 

1 0* tire carcass which is curved with a relatively 
small radius of curvature in a tread portion of 
the tire body. When such a tire structure is 
inflated with air under pressure or is used 
under varying load conditions, the belts ern- 

1 5 bedded in the tire body are subjected to 
localized loads particularly in the vicinity of 
the equatorial plane of the tire body. The 
localized loads impair the dimensional stability 
of the belts and may cause destruction of the 

20 belts in the tire body. 

If, on the other hand, the belts in the tire 
body of a radial tire structure are of the type 
using cords fabrics composed of rubber- 
coated cords of steel wires, the tire body has 

25 maximum stiffness in its tread portion so that 
the tread portion and the belts in the tire body 
are liable to produce cuts and cracks therein 
due to, for example, pebbles lodged in the 
tread portion of the tire body. Once cuts and 

30 cracks are thus produced in the tread portion 
and the belts, moisture is allowed to reach the 
belts in the tire body and cause corrosion of 
the steel cords or the belts, ultimately destroy- 
ing the cord fabrics of the belts. 

35 The present invention contemplates elimina- 
tion of these problems through provision of an 
improved tire structure which features, inter 
alia, a tire body having a tread portion rein- 
forced effectively in the neighborhood of the 

40 equatorial plane of the tire body and further 
arranged to provide an enhanced cut resis- 
tance. 

In accordance with the present invention, 
there is proposed a pneumatic tire structure 

45 which comprises a tire body including an 
annular tread portion having a predetermined 
width and a pair of side wall portions radially 
extending inwardly from the tread portion, an 
annular tire carcass embedded in the tire body 

50 and composed of at least one ply of a rubber- 
coated cord fabric annularly extending 
'throughout the circumference of the tire body 
and including an intermediate crown portion 
embedded in the tread portion of the tire 

55 body, an annular main belt embedded in the 
tread portion of the tire body and. substantially 
coaxially surrounding the int rmediate crown 
portion of the tire. carcass, the annular main 
beh haying on, v rail width approximately 

60 equal, to the width of the tread portion of the 
tire body and comprising at least two pli s 
including a radially innermost ply and a radi- 
ally, uterm st ply, each l f the plies consisting 
of a cord febric imposed : of rubber d 

65 cords extending at angles of less than 30 
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degrees with respect to a circumferential di- 
rection of the tire body, an annular reinforce- 
ment belt mbedded in the tread portion of 
the tire body and annularly extending between 
70 the annular main belt and the intermediate 
crown portion of the tire carcass, the rein- 
forcement belt having a width within the 
range of between about 40 per cent and 
about 60 per cent of said overall width of the 
75 annular main belt and comprising a cord 
fabric composed of rubber-coated cords ex- 
tending at angles of less than 30 degrees with 
respect to the circumferential direction of the 
tire body, the cord fabric of the reinforcement 
80 belt having a predetermined modulus of elasti- 
city in its entirely, and an annular cusion belt 
embedded in the tread portion of said tire 
body and substantially coaxially surrounding 
the annular main belt, the cusion belt having 
85 a width within the range of between about 40 
per cent and about 90 per cent of the overall 
width of the annular main belt and comprising 
at least one cord fabric composed of rubber- 
coated cords extending at angles of more than 
90 45 degrees with respect to the circumferential 
direction of the tire body, the cord fabric of 
the cushion belt as a whole having a modulus 
of elasticity smaller than the modulus of elasti- 
city of the cord fabric of sard reinforcement 
95 belt. 

In the accompanting drawings; 
Figure 7 is a cross sectional view of a 
portion of a pneumatic tire structure embody- 
ing the present invention; and 

1 00 Figure 2 is a view similar to Fig. 1 but 

shows a representative example of a prior-art 
pneumatic tire structure. 

Referring to Fig. 1 of the drawing, a pneu- 
matic tire structure proposed by the present 

105 invention comprises a rubber tire body 10 
which consists essentially of an annular tread 
portion 1 2, a pair of side wall portions 1 4 and 
1 4' radially extending inwardly from the op- 
posite axial ends or "shoulders", respectively, 

1 1 0 of the tread portion 1 2, and a pair of inner- 
peripheral end portions respectively constitut- 
ing bead portions 16 and 16' radially merg- 
ing inwardly from the side wall portions 14 
and 1 4', respectively. The bead portions 1 6 

115 and 1 6' of the tire body 1 0 define a pair of 
radially inner circumferential ends of the tire 
body 1 0, The tire body 1 0 in its entirety has 
a center axis (not shown) about which the 
above mentioned thread portion 1 2, side wall 

120 portions 14 and 14' and bead portions 16 
and 1 6'. are substantially coaxial with respect 
to one an ther. Furthermore, the tire body 1 0 
as a whol has an equatorial plan E substan- 
tially p rpendicular to the center axis of the 

125 tire body 10 and axially extends in opposite 
direct! ns from and substantially symmetri- 
cally with respect to th equrtorial plane E. 
The tire structures further comprises bead 

. ; cores 1 8,ond>18fowhich are embedded in the 

1 30 bead porti ns 1 6 and 1 6', r spectivefy, of the 
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tire body 10. Each of the bead cores 18 and 
1 8' is composed of strands of rubber-coated 
wires and circumferentially extends through- 
out the circumferential extent of each of the 
5 bead portions 1 6 and 1 6' of the tire body 1 0. 
The tire body 1 0 has further embedded 
therein and annular tire carcass 20 which is 
composed of at least one ply of a rubber- 
coated or rubber-impregnated cord fabric. The 
1 0 tire carcass 20 extends circumferentially 
throughout the circumferential extent of the 
tire body 10 and, thus, annularly extends 
substantially in coaxial relationship to the tire 
body 1 0. Furthermore, the tire carcass 20 has 
1 5 an intermediate crown portion embedded in 
and extending axially throughout the tread 
portion 12 of the tire body 1 0 and a pair of 
side portions embedded in and radially ex- 
tending throughout the side wall portions 14 
20 and 14', respectively, of the tire body 10. 
The tire carcass 20 further has a pair of inner 
peripheral end portions embedded in the bead 
portions 1 6 and 1 6', respectively of the tire 
body 1 0. Each of these inner peripheral end 
25 portions of the tire carcass 20 is turned back 
axially and radially outward in such a manner 
as to have each of the bead cores 1 8 wrapped 
therein. The cord fabric or each of the cord 
_ fabrics constituting the tire carcass 20 is com- 
3u posed of rubberized parallel cords of, for ex- 
ample, steel wires or organic fibrous yams 
which are coated or impregnated with rubber, 
as is well known in the art. The individual 
cords of the steel wires or fibrous yarns thus 
35 constituting the cord fabric or each of the cord 
fabrics of the tire carcass 20 are spaced apart 
in parallel from each other and are preferably 
arranged in such a nanner as to extend either 
in planes including the rotary axis of the tire 
40 body 10 or in planes which are slightly an- 
gled to the planes including the rotary axis of 
the tire body 10, though not shown in the 
drawings. In Fig. 1 of the drawings, the tire 
carcass 20 is shown, by way of example, as 
45 consisting of a single ply of such a cord 
fabric. 

In Fig. 1 of the drawings, furthermore, the 
turned-back inner peripheral end portions 31 
and 31 ' of the tire carcass 20 are shown 

50 reinforced by the layers of the chafers 22 and 
22', respectively. Each of the chafer layers 22 
and 22' is attached to the outer surface of 
each of the turned-back inner peripheral end 
Portions 31 and 31' of the tire carcass 20 

55 throughout the circumferential extent of the 
carcass 20 and is constituted by a rubber- 
coated cord fabric composed of parallel cords 
of. for xample, steel wires which are coated 
w; t > rubb r . Th c rdsofth steel wires f 

60 ea of th chaf r layers 22<and 22' are 
s*: ;d apart in parall I f r m each other and 
e Preferably arranged in such a mann r as 
t< * nd in dir ctions to cross th cords f 
th portions 31 and 31 ' of the carcass 20 

55 w /icn is in contact with th chafer layer, 



though not shown in the drawings. 

The tire structure embodying the present 
invention further comprises an annular main 
belt 24 embedded in the tread portion 1 2 of 
70 the tire body 10 and coaxfally surrounding the 
intermediate crown portion of the tire carcass 
20. The annular main belt 24 is composed, of 
two or more plies which are shown, by way of 
example, as consisting of three plies 24a, 24b 
75 and 24 c which are superposed on each other 
radially of the tire body 10 and which annu- 
larly extend throughout the circumferential ex- 
tent of the tire body 10. The annular main 
belt 24 thus constructed and arranged is 
80 effective to provide stiffness and machanical 
strength to the tire body 10. 

Each of the component plies 24a, 24b and 
24c of the annular main belt 24 is constituted 
by a rubber-coated cord fabric of parallel 
85 cords of, preferably, steel wires which are 
coated with rubber. The individual cords of 
the steel wires thus constituting the cord 
fabric of each of the plies 24a, 24 b and 24 c 
are spaced apart in parallel from each other 
90 and are arranged in such a manner as to 
extend at angles of less than 30 degrees with 
respect to the circumferential direction of the 
tire body 10 or, in other words, to the previ- 
ously mentioned equatorial plane E of the tire 
95 body 10. The arrangements of the cords in 
the respective cord fabrics of the plies 24a, 
24b and 24c are further preferably such that 
the cords in the cord fabric of each of the 
-i no pli€S 24a 24jband 24c extend in crossing 
100 relationship to the cords in the cord fabric of 
each of the other plies. 

Each of the plies 24a, 24b and 24c of the 
annular main belt 24 preferably has its axially 
nrxtz central circumference located on the equato- 
105 rial plane E of the tire body 10 and axially 
extends in opposite directions from and sub- 
stantially symmetrically with respect to the 
equatorial plane E. Furthermore, the individual 
plies 24a, 24b and 24c of the annular main 
110 belt 24 have different widths in the axial 
direction of the tire structure. As will be 
clearly seen from the illustration of Fig. 1, 
these widths of the plies 24a, 24b and 24c 
are smaller radially outwardly in the tread 
1 1 5 portion 1 2 of the tire body 1 0 so that the 

radially innermost ply 24a of the annular main 
belt 24 has the largest width and the radiaJly 
innermost ply 24c of the main belt 24 has the 
i nrx smal,est width. In this instance, it is prefera- 
1 20 ble that the width (represented by Wa in Fig. 
1) of the broadest innermost ply 24a is ap- 
proximately equal t the width (indicated by 
Wfl of the tread portion 12 of the tire body 
- ncr 1 t 0: ^ innermost ply 24a and accordingly 
1 25 the mam annular belt 24 as a whole are 

radially spaced apart outwardly from the inter- 
mediate crbwri portion of the tire carcass 20. 
The tire structure embodying tfte present 
« o~ inventlon further comprises an annular rein- 
1 30 forcement beK26 which is embedded in the 
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tread portion 1 2 of the tire body 1 0 so as to 
add to the stiffness and strength provided by 
th annular main belt 24. The reinforcement 
belt 26 in closely interposed between the 
5 intermediate crown portion of the tire carcass 
20 and the radially innermost ply 24a of the 
" annular main belt 24 and annularly extends 
throughout the circumferential extent of the 
tire body 1 0. The reinforcement belt 26 is 

10* constituted by a single ply of a rubber-coated 
cord fabric composed of parallel cords of, for 
example, steel wires which are coated with 
rubber. If desired, a cord fabric composed of 
rubber-coated or rubber-impregnated fibrous 

1 5 yarns which are substantially as elastic as 
steel wires may be used as an alternative of 
the cord fabric of steel wires for forming the 
reinforcement belt 26. 

The rubberized cords of the cord fabric 

20 constituting the reinforcement belt 26 are 
spaced apart in parallel from each other and 
are arranged in such a manner as to extend in 
directions generally identical with the direction 
in which the cords in the cord fabric of the 

25 innermost ply 24a of the annular main belt 
24 extend. The cords in the cord fabric of the 
reinfocement belt 26 extend at angles of less 
than 30 degrees or preferably at angles be- 
tween about 1 0 degrees and about 25 de- 

30 grees with respect to the circumferential direc- 
tion of the tire body 1 0 or to the equatorial 
plane E of the tire body 1 0. The arrangement 
of the cords in the cord fabric of the reinforce- 
ment belt 26 is further preferably such that 

35 the angles at which these cords extend with 
respect to the equatorial plane E of the tire 
body 1 0 are smaller than the angles (which 
are prefably smaller than 30 degrees as previ- 
ously mentioned) at which the cords in the 

40 cord fabric of the innermost ply 24a of the 
annular main belt 24 extend with respect to 
the equatorial plane E. If the cords in the cord 
fabric of the reinforcement belt 26 extend at 
angles larger than 30 degrees with respect to 

45 the equatorial plane E of the tire body 10, 
there results a significant decrease in the 
efficiency at which the reinforcement belt 26 
is capable of adding to the stiffness and 
strength of the annular main belt 24. The 

50 cords of the steel wires of organic fibrous 
^yarns thus making up the cord fabric of the 
reinforcement belt 26 are preferably selected 
so that each of the cords is larger in modulus 
of elasticity than each of the cords of steel 

55 wires constituting the cord fabric of the inner* 
most ply 24a of the annular main belt 24. 

The reinforcement belt 26 constituted by 
the cord fabric thus arranged has its axially 
central circumference located oh tthe equato- 

60 rial plane E f the tire body 10 ;and axially u> * 
extends, in; opposite ;dirert ions from and sub- r 4 
ctantially in symmetry .with: respect to th - ^ ^ 
equatorial cplane E., The reinforcement belt 26 * 
has a width (indicated, by WrJn<Fig. 1) which " 

65 in smaller than the overall width f the annu- 
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lar main belt 24 as shown and which is within 
the range of about 40% and about 60% of 
the width of the broadest one of the plies 
constituting the annular main belt 24 or, in 
70 the embodiment herein shown, the width Wa 
of the innermost ply 24a of the annular main 
belt 24. If the width Wr of the reinforcement 
belt 26 is less than about 40% of the overall 
width of the annular main belt 24, the rein- 
75 forcement belt 26 is not capable of suffici- 
ently adding to the stiffness and strength of 
the tire body 10. If, conversely, the width Wr 
of the reinforcement belt 26 is in excess of 
about 60% of the overall width of the annular 
80 main belt 24, the reinforcement belt 26 is 
unable to sufficiently add to the stiffness of 
the tread portion 1 2 of the tire body 1 0, 
particularly in the neighborhood of the equa- 
torial plane E of the tire body 1 0. The overall 
85 width of the main belt 24 is intended in th 
present invention to mean a maximum width 
measured among the plies constituting the 
main belt 24. 
The provision of the reinforcement belt 26 
90 in combination with the annular main belt 24 
in the tire body 1 0 is conducive to prevention 
of unusual and excessive deformation of the 
tire structure and particularly to enhancement 
of the stiffness of the tread portion 1 2 of the 
95 tire body 10. If the increase in the stiffness of 
the tread portion 1 2 of the tire body 10 is 
excessive, the tread portion 1 2 will becom 
liable to produce cuts and cracks therein dur- 
ing travelling of an automotive vehicle using 

1 00 the tire structure. 

For the purpose of precluding such a prob- 
lem, the tire structure proposed by the present 
invention further comprises an annular cush- 
ion belt 28 embedded in the tread portion 1 2 

105 of the tire body 10. The cushion belt 28 is 
provided in coaxially encircling relationship to 
the annular main belt 24 and Is shown, by 
way of example, as being closely attached to 
the outer peripheral surface of the radially 

110 outermost ply 24c of the annular main belt 
24. The cushion belt 28 thus annularly ex- 
tends throughout the circumferential extent of 
the tire body 10 and is constituted by a 
suitable number of plies of rubber-coated cord 

115 fabric composed of parallel cords of, prefera- 
bly, steel wires which are coated with rubber. 
In the embodiment shown in Fig. 1 , the 
cushion belt 28 is assumed, by way of exam- 
ple, as being composed of a single ply of such 

1 20 a cord fabric. 

The rubberized cords of the cord fabric 
constituting the cushion belt 28 are spac d 
apart in parallel from each oth r and are 
- . arranged in such a mann r as t xt nd at 

125 angles larger than 45 degrees ori pr f rably, 
at angles between about "5 5 degrees "and 
about 70 degrees wrth respect to - the circum- 
ferential direction ftth " tire body f 0 or to the 
'."g i equatorial plane E of the tire body 10. If th 

1 30 cords in the cord fabric of the cushion belt 28 
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are arranged to extend at angles less than 45 
d grees with respect the the equatorial plane 
E of the tire body 10, the cushion belt 28 is 
unable to provide a sufficient cushioning ef- 
5 feet and can not prevent the tire body 1 0 
from cuts and cracks in its tread portion 1 2 
during cruising of an automotive vehicle using 
the tire structure. The cords in the cord fabric 
of the cushion belt 28 may be arranged to 
1 0 extend in crossing relationship to the radially 
outer ply 24c of the annular main belt 24 but 
are preferably arranged in such a manner as 
to extend in directions which are generally 
identical with the directions in which the 
1 5 cords in the cord fabric of the outermost ply 
24c of the main belt 24 extend. Furthermore, 
each of the cords constituting the cord fabric 
of the cushion belt 28 is constructed by 
individual filaments or any line elements pref- 
20 erably in such a manner as to be larger in 
void ratio than each of the cords in the cord 
fabric of one of the plies 24a, 24b and 24c, 
particularly the cord fabric of the radially 
outermost ply 24a of the annular main belt 
25 24. The "void ratio" herein referred to in 
connection with a cord is defined as the ratio 
of the difference {Sa-Sb) between the cross- 
sectional area Sa formed by a circle contactin- 
gs surrounding the outermost line elements 
30 or filaments constituting a cord and the sum 
Sb of the respective cross sectional areas of 
th individual line elements or filaments of the 
cord versus the envelope area Saand is hence 
written as (Sa-S/?)/Sa. Preferably, each of the 
35 cords in the cord fabric of the cushion belt 28 
is larger in void ratio than each of the cords 
constituting each of the plies 24a, 24b, 24c 
of the annular main belt 24 and further than 
each of the cords constituting the cord fabric 
40 of the reinforcement belt 26. 

The cushion belt 28 made up of the cord 
fabric thus arranged has its axially central 
circumference located on the equatorial plane 
E of the tire body 1 0 and axially extends in 
45 opposite directions from and substantially in 
symmetry with respect to the equatorial plane 
E. The cushion belt 28 has a width (indicated 
by Wc in Fig. 1 ) which is smaller than the 
overall width of the annular main belt 24 as 
50 shown and which is preferably within the 
range of about 40% and about 90% of the 
width of the broadest one of the plies consti- 
tuting the annular main belt 24 or, in the 
embodiment herein shown, the width Wa of 
55 the radially innermost ply 24a of the annular 
main belt 24. If the width Wcof the cushion 
belt 28 is less than about 40%; of the overall 
width of th annular main belt.24; the cush- 
ion belt 28 could not compensate for the r 
60 i -ment of,the stiffness of the tread p rtion , 
1 f th tire body 1 0 stiffened by reinforce- t 
n belt'26*3 If* conversely/ the width Wc of. o 
th . cushion ( belt 28 is largertthaniab ut*90%% 
f the overall width of the: annular-main! belt ..>) 
65 24, then th cushion belt 28 would cause; >s 
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excessive generation of heat in the tire body 
1 0 when the tire structure is in use. For these 
reasons, the width Wc of the cushion belt 28 
is substantially equal to or slightly larger than 
70 the width Wrof the reinforcement belt 26. 
Furthermore, the cushion belt 28 as a 
whole has a modulus of elasticity smaller than 
the modulus of elasticity of the reinforcement 
belt 26 as a whole. It is further preferred that 
75 the cord fabric constituting the cushion belt 
28 is smaller in void ratio than the cord fabric 
of the reinforcement belt 26 and the cord 
fabric constituting each of the plies 24a, 24b 
and 24c of the annular main belt 24. The 
80 "void ratio" herein referred to in connection 
with a cord fabric is defined as the ratio of the 
difference (Sc-Sc) between the cross sectional 
area Sc of a cord fabric and the sum Sd of th 
respective cross sectional areas of the cords 
85 constituting the cord fabric versus the cross 
sectional area Scof the cord fabric and is 
thuswritten as (Sc-ScO/Sc. The cord of the 
cushion belt 28 has a modulus of elasticity ^ 
preferably smaller than that of the cord of the 
90 reinforcement belt 26 and that of the cord of 
the outermost ply 24 c of the main belt 24. 

COMPARISON WITH PRIOR ART 
To compare a tire structure proposed by the 
95 present invention with a prior-art tire structure 
for some performance characteristics, a speci- 
men of the tire structure constructed generally 
as hereinbefore described was prepared and 
tested for the growth rate, the susceptivity to 
1 00 cut, the moisture trap characteristics, the cor- 
rosiveness of the steel cords and so on. 

The specimen used for these tests was a 
tire structure measuring 1 1 inches in width, 
22.5 inches in inside diameter, that is, the 
105 tire of 1 1R 22.5 and 0.9 in flatness factor. 
The carcass 20 of the specimen tire struc- 
ture was constituted by parallel cords of rub- 
ber-coated steel wires embedded in the tire 
body 10 of rubber. 
110 The annular main belt 24 of the specimen 
tire structure was made up of three plies 24a, 
24b and 24c each consisting of a cord fabric 
composed of rubber-coated cords of steel 
wires. The cords in the cord fabric of each of 
1 1 5 the three plies 24a, 24b and 24c were ar- 
ranged to extend at the angles of about 1 5 
degrees with respect to the equatorial plane, E 
of the tire body 1 0. The arrangements of the 
cords in the cord fabrics of the three plies 
1 20 were further such that the cords in the cord 
fabric of the innermost ply 24a extended 
substantially in parallel with the cords in the 
cord fabric f th out rmost ply 24c while th 
cords in the cord fabric of the intermediate -ply 
125 24b extend d?in crossing relationship to the 

cords of the)cord fabric of each of th inner- O 8 
most and i utermost plies 24a and 246. The - 
cords of the respective cord fabrics of thet ^ ^ 
individual plies 24a, 246 and 24c of the^s. ■ 
1 30 annular main belt^ 24 were further such that 
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all the cord fabrics has appoximately equal 
void ratios. Furthermore, the cords of the cord 
fabrics constituting the three plies had sub- 
stantially equal void rations and moduli of 
5 elasticity. 

The reinforcement belt 26 of the specimen 
' tire structure was constituted by a cord fabric 
composed of rubber-coated cords arranged to 
extend in directions generally identical with 

1 0- the longitudinal directions of the cords in the 
cord fabric of the innermost ply 24a of the 
annular nain belt 24 and at the angles of 
about 1 0 degrees with respect to the equato- 
rial plane E of the tire body 10. The width Wr 

1 5 of the reinforcement belt 26 was about 50% 
of the width Wa of the innermost ply 24a of 
the annular main belt 24, the width of the 
particular ply being approximately equal to the 
width Wf of the tread portion 1 2 of the tire 

20 body 10. 

The cushion belt 28 of the tire structure 
prepared as the specimen was constituted by 
a cord fabric composed of rubber-coated cords 
arranged to extend in directions generally 

25 identical with the longitudinal directions of the 
cords in the cord fabric of the outermost ply 
24c of the annular belt 24 and at the angles 
of about 60 degrees with respect to the 
equatorial plane E of the tire body 1 0. The 

30 arrangement of the cords in the cord fabric of 
the cushion belt 28 was further such that the 
cord fabric had a void ratio which was equal 
to about 1 .3 times the void ratio of the cord 
fabric of each ply of the annular main belt 24 

35 and the void ratio of the cord fabric of the 
reinforcement belt 26. Furthermore, each of 
the cords in the cord fabric of the cushion belt 
28 had a void ratio equal to about 1.15 times 
the void ratio of each of the cords in the cord 

40 fabric of each ply of the annular main belt 24 
and the void ratio of each of the cords fabric 
of the reinforcement belt 26 and a modulus of 
elasticity which was equal to about 0.6 times 
the modulus of elasticity of each of the cords 

45 in the cord fabric of each ply of the annular 
main belt 24 and the modulus of elasticity of 
each of the cords in the cord fabric of the 
reinforcement belt 26. 

The construction of the prior-art tire struc- 

50 ture with which the specimen tire structure 
thus constructed and arranged was generally 
'such that is illustrated in Fig. 2 of the draw- 
ings. The prior-art tire structure was thus 
composed of a tire body 10, a pair of bead 

55 cores 18 and 18', a tire carcass 20, a pair of 
chafer layers 22 and 22' and an annular main 
belt 24, ! These component members, f the 
prior-art tire ^ructure were, constructed gen r- 
ally similarly. to their respective counterparts .in ; , < 

60 thetire^^ 

drawings'ana*>were further arranged and. di- ^ 
l mmmati^%m^^1P- their fes^ctiye^cbun^, 
t rpartSfpf ^;abo ( y : described specimen '„tira£ 
strudunf'lM'ttfe 'prior-art tire structure, -j an ^ 

65 annular protective belt 30 was additionally 



provided, which was embedded in the tread 
portion 1 2 of the tire body 1 0 and which was 
attached to the outer peripheral surface of the 
outermost ply 24c of the annular main belt 

70 24 as shown. The protective belt 30 was 
constituted by a cord fabric of rubber-coated 
cords of steel wires which were arranged to 
extend at the angles of 1 5 degrees with 
respect to the equatorial plane E of the tire 

75 body 10. The cords in the cord fabric of the 
protective belt 30 were further arranged so 
that the cord fabric composed thereof was 
substantially equal in modulus of elasticity to 
the cord fabric of each ply of the annular 

80 main belt 24. 

Tests were conducted with the specimen 
tire structure and the prior-art tire structure for 
the growth rates of the tire structures, the 
susceptivity to cut of the belts, the moistur 

85 trap characteristics of the belts, and the corro- 
siveness of the steel cords in the belts. The 
tests for the growth rates were conducted 
under conditions in which each of the tire 
structures inflated with the internal pressure 

90 of 7.25 kgs/cm 2 on a wheel rim was sub- 
jected to the load of 2,425 kgs on a road 
surface and driven for rotation at the circum- 
ferential speed of 75km/hr. on the road sur- 
face. The susceptivity of cut of the belts was 

95 measured by counting the number of cuts in 
the belt of the tire structure tested. The fol- 
lowing table shows the results of these tests 
in terms of index numbers using the tests 
results of the prior-art tire structure as the 
100 bases. 



Prior-Art Specimen 



105 Growth Rate 100 68 

Susceptivity to 

cut 100 85 

Moisture Trapping 100 60 
Corrosiveness 1 00 Below 50 

110 — 



CLAIMS 

1 . A pneumatic tire structure comprising 
115 a tire body including an annular tread por- 
tion having a predetermined width and a pair 
of side wail portions radially extending in- 
wardly from said tread portion, 

an annular radial tire carcass embedded in 
120 the tire body and composed of at least one 

ply of a rubber-coated cord fabric annularly ~, 
ext nding throughout the circumference f, th 
tire body and including an intermediate crown 
t porti n embedded in the tread portion of the. : 
125 tire body^ , ,v r l 

an annular main b hi embedded in the tread, 
portion of th .tire body and substantially . ; ^ . 
coaxially surrouhojinb^th 6 intenrnediate cr wn 
portion f th tire caress, the annular main , 
130 b It having an overall width approximately 
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qual to the width of the tread portion of said 
tire body and comprising at least two plies 
including a radially innermost ply and radially 
outermost ply, each of said plies consisting of 
5 a cord fabric composed of rubber-coated cords 
extending at angles of less than 30 degrees 
with respect to a circumferential direction of 
the tire body, 

an annular reinforcement belt embedded in 

1 0 the tread portion of the tire body and annu- 
larly extending between said annular main 
belt and the intermediate crown portion of 
said tire carcass, the reinforcement belt hav- 
ing a width within the range of between about 

1 5 40 per cent and about 60 per cent of said 
overall width of said annular main belt and 
comprising a cord fabric composed of rubber- 
coated cords extending at angles of less than 
30 degrees with respect to the circumferential 

20 direction of the tire body, the cord fabric of 
the reinforcement belt having a predetermined 
modulus of elasticity in its entirety, and 

an annular cushion belt embedded in the 
tread portion of said tire body and substan- 

25 tially coaxial I y surrounding said annular main 
belt, the cushion belt having a width within 
the range of between about 40 per cent and 
about 90 per cent of said overall width of said 
annular main belt and comprising at least one 

30 cord fabric composed of rubber-coated cords 
extending at angles of more than 45 degrees 
with respect to the circumferential direction of 
said tire body, the cord fabric of the cushion 
belt as a whole having a modulus of elasticity 

35 smaller than the modulus of elasticity of the 
cord fabric of said reinforcement belt. 

2. A pneumatic tire structure as set forth 
in claim 1 , in which the cord fabric of said 
cushion belt is larger in void ratio than the 

40 cord fabric of said outermost ply of said 
annular main belt. 

3. A pneumatic tire structure as set forth 
in claim 1 , in which the cord fabric of said 
cushion belt is larger in void ratio than the 

45 cord fabric of each of said plies of said 
annular main belt. 

4. A pneumatic tire structure as set forth 
in any one of clains 1 , 2 and 3, in which each 
of the cords in the cord fabric of said cushion 

50 belt is larger in void ratio than each of the 
cords in the cord fabric of said outermost ply 
of said annular main belt. 

5. A pneumatic tire structure as set forth 
in any one of claims 1 , 2 and 3, in which 

55 each of the cords in the cprd fabric of said 
cushion belt is larger in void ratio than each 
f.th cords in the. cord fabric of each of the 
pli s of said annular main belt; 0 , " t * ^ 
r 6. . A pneumatic tire structure as set forth 

60 in claim 5, in which ach of the cords in the - 
cord fabric of said cushion belt is larger in ' r 
void ratio than each of the cords in the' cord 
fabric of sald^lnfo^ iWerrt,beitr^ ° ^ 
7. A pneumatic tir* r sftrUcture T as:sef forth' J 

65 in any brte <rf^ which tffc . 



cord fabric of said cushion belt as a whole is 
larger in void ratio than the cord fabric of said 
reinforcement belt as a whole. 

8. A pneumatic tire structure as set forth 
70 in claim 7, in which each of the cords in the 

cord fabric of said cushion belt is larger in 
void ratio than each of the cords in the corji 
fabric of said reinforcement belt. 

9. A pneumatic tire structure as set forth 
75 in any one of claims 1, 2 and 3, in which the 

cord fabric of said cushion belt as a whole is 
larger in void ratio than the cord fabric of said 
reinforcement belt and in which each of the 
cords in the cord fabric of the cushion belt is 
80 larger in void ratio than each of the cords of 
the cord fabric of each of said plies of said 
annular main belt. 

10. A pneumatic tire structure as set forth 
in claim 9, in which each of the cords in the 

85 cord fabric of said cushion belt is larger in 
void ratio than each of the cords in the cord 
fabric of said reinforcement belt. 

11. A pneumtic tire structure as set forth 
in any one of claims 1 , 2 and 3, in which 

90 each of the cords in the cord fabric of said 
cushion belt is smaller in modulus of elasticity 
than each of the cords in the cord fabric of 
the outermost ply of said annular main belt 
and each of the cords in the cord fabric of 

95 said reinforcement belt. 

12. A pneumatic tire structure as set forth 
in any one of claims 1 , 2 and 3, in which 
each of the cords in the cord fabric of said 
cushion belt is smaller in modulus of elasticity 

1 00 than each of the cords in the cord fabric of 
each of said plies of said annular main belt 
and each of the cords in the cord fabric of 
said reinforcement belt. 

13. A pneumatic tire structure as set forth 
1 05 in any one of claims 1 , 2 and 3, in which 

each of the cords in the cord fabric of said 
cushion belt is smaller in modulus of elasticity 
than each of the cords ir the cord fabric of 
said outermost ply of said annular main belt 
110 and each of the cords in the cord fabric of 
said reinforcement belt and is larger in void 
ratio than each of the cords in the cord fabric 
of said outermost ply of the annular main belt. 

14. A pneumatic tire structure as set forth 
1 1 5 in claim 1 3, in which each of the cords in the 

cord fabric of said cushion belt is larger in 
void ratio than each of the cords in the cord 
fabric of said reinforcement belt. 

15. A pneumatic tire structure as set forth 
1 20 in claim 1 3, in which the cord fabric of said 

cushion belt as a whole is larger in void ratio 
than the cord, fabric of said reinforcement belt. 

16. A pneumatic tire structure as set forth 
in claim 13, Jn ^whictf each* of trie cords in the 

125 cord fabric' of said cushion belt is larger in 
void rati than eacYtpf the' Wds in the cord 1 
fabric of sai^ Belt and in which 

the coW f^Bnc^of salfilcush 
is larger in G f 
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17. A pneumatic tire structure as set forth 
in any one of claims 1, 2 and 3, in which 
each of the cords in the cord fabric of said 
cushion belt is smaller in modulus of elasticity 

5 than each of the cords in the cord fabric of 
each of said plies of said annular main belt 
and each of the cords in the cord fabric of 
'said reinforcement belt and is larger in void 
ratio than each of the cords in the cord fabric 
1 0 of each of the plies of the main belt. 

18. A pneumatic tire structure as set forth 
in claim 17, in which each of the cords in the 
cord fabric of said cushion belt is larger in 
void ratio than each of the cords in the cord 

1 5 fabric of said reinforcement belt. 

19. A pneumatic tire structure as set forth 
in claim 1 7, in which the cord fabric of said 
cushion belt as a whole is larger in void ratio 
than the cord fabric of said reinforcement belt. 

20 20. A pneumatic tire structure as set forth 
in claim 1 7, in which each of the cords in the 
cord fabric of said cushion belt is larger in 
void ratio than each of the cords in the cord 
fabric of said reinforcement belt and in which 

25 the cord fabric of said cushion belt as a whole 
is larger in void ratio than the cord fabric of 
said reinforcement belt. 

21 . A pneumatic tire structure as set forth 
in claim 1 , in which in the cords in the cord 

30 fabric of said cushion belt extend in directions 
generally identical with the directions in which 
the cords in the outermost ply of said annular 
main belt extend. 

22. A pneumatic tire structure as set forth 
35 in claim 1 or 21 , in which the cords in the 

cord fabric of said cushion belt extend at 
angles within the range of between about 55 
degrees and about 70 degrees with respect to 
the circumferential direction of said tire body. 

40 23. A pneumatic tire structure as set forth 
in claim 1 or 20, in which the cords in the 
cord fabric of said reinforcement belt consist 
of steel wires and extend at angles smaller 
than the angles at which the cords in the 

45 innermost ply of said annular main belt extend 
with respect to the circumferential direction of 
said tire body. 

24. A pneumatic tire structure as set forth 
in claim 1 or 21 , in which the cords in the 

50 cord fabric of said reinforcement belt consist 
of steel wires and extend at angles within the 
range of between about 10 degrees and 25 
xiegrees with respect to the circumferential 
direction of said tire body, 

55 25. A pneumatic tire structure as set forth 
in claim 24, in which the cords in the cord 
fabric of said cushion belt extend at angles 
within the range of between about 55 degrees 
and about 70 degr es with respect to the 

60 circumferential direction f said tire body. 

26. A pneumatic tire structur as set forth 
• in claim 1 , in which said plies of said annular 

main belt have diff rent widths. 

27. A pneumatic tire structure as set forth 
65 in claim 26, in which said innermost ply of 
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said annular main belt has said overall width 
of the main belt. 

28. A pneumatic tire structure as set forth 
in claim 1 , in which the cords in each of the 

70 plies of said annular main belt extend in 
crossing relationship to the cords in another 
ply of the annular main belt. 

29. A pneumatic tire structure as set forth 
in claim 1, in which cord fabric of said 

75 reinforcement belt is larger in modulus of 
elasticity than the cord fabric of the innermost 
ply of said annular main belt. 

30. A pneumatic tire structure as set forth 
in claim 1, in which said tire body has a 

80 center axis therethrough and an equatorial 
plane substantially perpendicular to said cen- 
ter axis and in which each of said tire body, 
said tire carcass, annular main belt, said rein- ' 
forcement belt and said cushion belt extends 

85 in opposite directions from and substantially 
in symmetry with respect to said equatorial 
plane. 

31. A pneumatic tire structure as set forth 
in claim 1 , in which the cords of the cord 

90 fabric of said annular main belt consist of 
steel wires. 

32. A pneumatic tire structure as set forth 
in claim 1 , in which the cords of the cord 
fabric of said cushion belt consist of steel 

95 wires. 

33. A pneumatic tire structure substan- 
tially as hereinbefore described with reference 
to and as illustrated in Fig. 1 of the accompa- 
nying drawings. 
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